Background: Poor diet is a significant contributor to the burden of global disease. There are numerous policies available to address poor diets; however, these policies often require public support to encourage policy action. The current study aimed to understand the level of public support for a range of food policies and the factors associated with policy support. Methods: An online survey measuring support for 13 food policies was completed by 19,857 adults in Australia, Canada, Mexico, the United Kingdom (UK) and the United States (US). The proportion of respondents that supported each policy was compared between countries, and the association between demographic characteristics and policy support was analysed using multivariate logistic regression.
Background
It is widely accepted that diet plays an important role in human health [1] . Dietary patterns that do not support good health are characterised by high consumption of saturated fat, salt and free sugars, low consumption of fruits, vegetables and wholegrains, and excess energy intake [1] . Poor diet is a major, and modifiable risk factor for many non-communicable diseases (NCDs) (e.g., cardiovascular diseases, type 2 diabetes and several cancers), and is the leading behavioural risk factor for mortality and the second greatest behavioural risk factor for disease burden globally (as measured by disability adjusted life years) [2] .
There is an urgent need to improve dietary patterns and many governments are taking action to promote healthy diets; however, so far these activities have failed to improve diet quality, and in many countries the population is still consuming far too many unhealthy processed foods, and not enough healthy foods such as fruits and vegetables [2] . The lack of dietary improvement is likely because previous interventions have been largely directed at changing individual behaviours (e.g., education or skill building on healthy food preparation and choices), rather than addressing the upstream drivers of poor nutrition that result in the unhealthy food environments we live in [3] . It is widely agreed that the changing food environment, including the increased availability, portion size and marketing, and relatively lower price of energy dense, nutrient poor foods, is the key driver of prevailing poor dietary patterns [4] , and that upstream, policy-led solutions are required to counteract these environmental drivers of poor diet [5] .
There are a large number of policy solutions that are routinely recommended by health organisations and advocates to improve food environments and promote healthy diets [3, 6] . Despite these recommendations and evidence for the influential role of the food environment, there is lower support among policymakers for policies directed at food environments [7] . Multiple barriers contribute to this limited support and implementation of such policies, including food industry lobbying and relationships with key policymakers, fewer health advocacy resources, and political climates where governments prioritise economic prosperity and favour reduced intervention to encourage market and personal freedom [8, 9] . In addition, there is often a lack of rigorous populationlevel research evaluating the impact of policies, particularly when they are implemented at a national level, resulting in limited evidence to inform or support government decisions [8] . An unknown or perceived lack of public support may also contribute to the limited range of implemented policies, as governments may be less inclined to implement policies unless they are strongly supported by the voting public [10] .
Research examining public support for various food policies has shown that there are high levels of support for education programs and labelling policies, but much lower support for policies that restrict availability or impose financial disincentives [10] [11] [12] [13] [14] . Many of these studies also examined the relationship between the demographic characteristics (e.g., age, sex, education) of individuals and policy support; however, the direction and significance of these relationships differed both between policies and between studies. Most prior studies were conducted within individual countries including Canada [14] , France [15] , the United Kingdom (UK) [16] , Australia [17, 18] , Netherlands [19] , and the United States (US) [20] [21] [22] , or within the European Union [11, 12, 23] . Thus, it is largely unknown how the social and political environment within each country influences public support, and whether location may contribute to the conflicting findings in previous studies.
The limited cross-country analysis represents a gap in the understanding of policy support, and the opportunities to influence this support. This study aims to address this gap by examining the level of public support for a range of policies, and the demographic factors that may influence this support, both within and between countries.
Methods

Study design and participants
Data are from the International Food Policy Study (IFPS) [24] , conducted in five countries -Australia, Canada, Mexico, the UK and the US. These countries were chosen because each has begun to implement novel regulations in the areas of food labelling, marketing and taxation, and this repeated cross-sectional study was designed to test the impact of regulation on public policy support.
Participants were recruited through the Nielsen Consumer Insights Global Panel and their partners' panels, with a random sample of eligible participants invited by email to complete the survey. Individuals aged 18-64 years living within the target countries were eligible to participate. All Canadian participants aged 18-30 years and some respondents aged 31-32 years were recruited separately from the parallel Canada Food Study. Further details on the Canada Food Study are available elsewhere [25] .
Data were collected through self-completed web-based surveys in December 2017. The survey questionnaire was developed for the IFPS and collected information on demographic characteristics and various food and food policy-related attitudes, behaviours and knowledge. The questionnaire is available at http://foodpolicystudy.com/ methods. Surveys were conducted in English in Australia and the UK, Spanish in Mexico, Spanish or English in the US, and French or English in Canada (based on the participant's preferred language). Surveys were translated to Spanish and French by third party translation services. Members of the research team who were native in each language independently reviewed the translated surveys. The mean time to complete the survey across all countries was 33 min.
The study was reviewed by and received ethics clearance from a University of Waterloo Research Ethics Committee (ORE# 21460) prior to data collection. Respondents were asked to provide consent before participating and were able to exit the survey at any point. Respondents received remuneration in line with the panel's standard incentive structure, which included points-based or monetary compensation and/or chances to win prizes. Further details of the study methods are reported elsewhere [24] .
Measures
The current study analysed survey questions related to respondent support for various food policies. Support for 21 food policies was measured, including menu labelling, front-of-pack labelling, food taxation and subsidies, school food policies, and marketing restrictions. The policies were adapted from previous studies [13, 26] and were included based on their potential to support healthy diets, and because they have been considered or implemented by various governments worldwide. Only 13 policies were analysed in the current study, and were chosen based on having closest alignment with recommendations or implemented policy (e.g., a tax on sugary drinks was included but a tax on sugar was not, as a sugary drink tax is more widely recommended [27] ). A full list of the 21 policies is available at http://foodpolicystudy.com/methods Policy support was measured by asking respondents 'Would you support or oppose a government policy that would require … ' and completing the question with each of the policies listed in Table 2 , with the list shown in a randomised order. Respondents could select either 'support', 'neutral', 'oppose', 'don't know' or 'refuse to answer'. These responses were re-categorised into a binary variable for analysis, where responses of 'support' were categorised as support, and responses of 'neutral' and 'oppose' were categorised as non-support. Responses of 'don't know' and 'refuse to answer' were excluded from the analysis.
Self-reported demographic variables were also measured including age, gender, ethnicity, education, parental status and body mass index (BMI) classification. Education level was categorised as low, medium or high according to country-specific criteria related to the highest level of education completed. Parental status was based on whether the respondent had children (including step or adopted children) aged under 18 years. Height and weight data were used to calculate BMI, which was categorised as underweight (< 18.5 kg/m 2 ), normal weight (18.5-24.9 kg/m 2 ), overweight (25.0-29.9 kg/m 2 ) or obese (≥30.0 kg/m 2 ). Age was categorised into five-year age groups, with the exception of the youngest group which included respondents aged 18-24 years. Ethnicity was categorised as 'majority' if participants identified themselves as 'white', predominantly English-speaking or non-Indigenous (criteria varied according to the most appropriate terminology in each country).
Data analysis
All statistical analyses were conducted using Stata, Version 15 [28] . Data were weighted with post-stratification sample weights constructed using population estimates from the census in each country based on age group, gender and region. Estimates reported are weighted unless otherwise specified.
The proportion of respondents that supported each of the 13 policies was analysed by country and as a total sample. Logistic regression models were fitted to examine the association between demographic characteristics (country, age, gender, ethnicity and education) and support for each of the policies. This analysis was completed among the total sample, and among each country individually. Covariates included in the model were determined by exploratory univariate logistic regression analysis. Covariates investigated included country, sex, age, education, ethnicity, BMI and parental status. Two-way interactions between country and each of the covariates included in the model were assessed using post-estimation contrast and plots. The final model was adjusted for age, gender, ethnicity and education. Post-estimation contrasts, adjusted for multiple comparisons using a Bonferroni correction, were conducted on all fitted models to determine the overall significance of each covariate included in the model. The logistic regression model fitted among the total sample was repeated with each country as the reference to determine differences in support between countries. The significance level for this analysis was set at p < 0.01 to account for multiple comparisons.
Results
Sample characteristics
A total of 25,692 respondents completed the survey. After removing ineligible or non-consenting respondents and those that did not pass a data quality check, data from a total of 19,857 respondents in Australia (n = 3767), Canada (n = 3118), Mexico (n = 4057), UK (n = 4047) and US (n = 4868) were available for analysis. Table 1 describes the sample characteristics, stratified by country. The mean age of respondents across the five countries ranged between 37.1-41.1 years. Each country had approximately equal proportions of male and female respondents. In all countries, the greatest proportion of respondents were classified as of normal weight and of high education.
Public support for food policies
The proportion of respondents that supported each of the policies is reported in Table 2 . The level of support varied widely between different policies, ranging between 34.7-68.2% across the total sample. The most supported policy among the total sample was 'subsidies to reduce the price of fresh fruit and vegetables' and the least supported policy was 'a ban on marketing all food and beverages to children'. These policies also received the highest and lowest levels of support among Australian, UK and Mexican respondents when data were analysed separately by country. Among US and Canadian respondents, the most supported policy was 'calorie amounts on menus of chain restaurants', and the least supported policy was 'restriction on sponsorship of sporting events and teams by food companies such as Coca Cola and McDonalds'.
There were several differences in the level of policy support between countries ( Table 2 ). All policies displayed statistically significant differences in policy support between at least two countries (at the p < 0.01 level), although these between-country differences differed across the various policies. For example, support for 'a ban on toys, vouchers and competitions as part of children's meals at fast food restaurants' was significantly different between Australia (42.9%) and the US (25.9%), but no such difference was observed for 'calorie amounts on menus of chain restaurants', with 60.5% of Australian respondents and 62.6% of US respondents supporting the policy. A significant interaction was observed for most policies between country and sex, and country and age. However, as the main effects were the primary interest in this study, the analysis of differences in support between countries was not adjusted for these interactions. Figure 1 displays the level of support for the 13 policies in each country. Generally, respondents from Mexico reported the highest level of support and respondents from the US reported the lowest level of support across most policies.
Demographic characteristics and support for food policies
Results of the logistic regression model fitted for support of the 13 policies across the total sample and in Sample weights constructed using population estimates from the census in each country based on age group, gender and region 
Discussion
This study investigated public support for food policies, with a focus on the level and determinants of support within and between countries. The results of this study suggest that policy support is variable and may be influenced by several factors. The level of policy support differed considerably, both between policies and between countries. Several demographic characteristics were also associated with policy support, although this relationship differed between countries.
Public support for food policies
Public support was highest for policies that provide incentives (e.g., price subsidies), or information (e.g., calorie labelling on menus) and lowest for policies that impose restrictions (e.g., restrictions on sponsorship of sport events). This trend of less support for more restrictive policies, and the order of least to most supported policies was generally consistent in all countries. For example, 'a ban on marketing all food and beverages to children' was one of the least supported policies in all countries, and 'subsidies to reduce the price of fresh fruit and vegetables' was either the most or the second most supported policy in all countries. This trend also corresponds with previous studies that reported lower support for more 'intrusive' policies [10, 14, 19, 23] , which according to the Nuffield Council on Bioethics [29] , are policies that interfere with individual, population or business liberties. These findings highlight a key challenge for policymakers, whereby many of the potentially more potent policy options aimed at addressing the underlying drivers of poor diet are also less likely to be supported by the public since they typically involve more intrusive restrictions [30] . Despite this paradox, real world examples demonstrate that policies that are typically considered intrusive are being successfully implemented, such as the introduction of sugary drink taxation policies in several cities and countries [31] . Such examples are encouraging and suggest opportunities exist to implement policies targeted at the drivers of poor diet; however, further research is required to understand the factors that facilitate implementation of more intrusive policy options and the role of public support in such policy action.
It is also important to note that although more intrusive policies received lower support, often this was not accompanied by strong opposition as there was a moderate to large proportion of neutral responses to most policies. For example, while only 37.9% of respondents across all countries supported 'a ban on the use of toys, vouchers or competitions as part of children's meals at fast food restaurants', 42.5% were neutral and only 19.6% were opposed (Additional file 7: Table S7 ). This finding suggests that policymakers and advocates should consider not only the level of support, but also the level of opposition when evaluating policy feasibility.
Public support for policies between countries
The results of the current study suggest that country of residence influences policy support levels, with Mexican respondents reporting the highest level of support for all policies across all countries, and US respondents the lowest level of support for almost all policies. Stok et al. [23] similarly found varying levels of support for food policies across four European countries, and suggested that the observed differences may be a result of the degree to which countries exhibited an individualist culture. Individualist countries value self-reliance and prioritise personal goals, while collectivist countries view individuals as a collective community and place the overall wellbeing of the group above personal gains [32] . Due to the emphasis on personal responsibility, individualist countries are more likely to attribute personal behaviours to the individual (e.g., poor dietary choices) rather than the environment (e.g., availability and promotion of unhealthy foods) [33] . Such views may translate into a preference for personal, rather than government, intervention on dietary choices, and may explain the lower support for government introduced food policies. Individualist countries may also be more likely to view government policy as an interference on personal freedom and frame such intervention under the 'nanny state' narrative [34] . Nanny state framing, often proffered by the food industry [35] , may exaggerate existing individualist beliefs and consequently reduce support. This has been observed in the individualist US, where the 2012 announcement for a restriction on sugary drink portion sizes in New York City was met with 'nanny state' declarations by media and lobbyists [36] , and strong policy opposition by the public [37] .
The findings of the current study generally align with the notion that policy support is influenced by countrylevel individualist or collectivist beliefs, as we found the lowest support among respondents from the individualist US, and highest support among respondents from the predominantly collectivist, Mexico. On this basis, it may be expected that the other Western countries of the study, which also have individualist cultures, would report lower policy support similar to that of the US; however, the level of support among Australian, Canadian and UK respondents was often significantly higher than US respondents. This aligns with Greenacre's [34] suggestion that such beliefs exist on a continuum from individualism to collectivism, rather than a dichotomy. Additionally, Lange and Faulkner [33] note that although Canada is an individualist country, it takes a collectivist approach to health (e.g., universal health care), and thus can be differentiated from the highly individualist-dominant US.
An alternative factor that could also contribute to differences in policy support between countries is the political ideology of each country. For example, Diepveen et.al [10] . reported greater support for tobacco and food policies in countries of authoritarian leadership. In the current study, support was highest in Mexico, which has a long history of authoritarian rule [38] . Authoritarian countries are highly loyal to political leadership and thus may be more trusting and accepting of government intervention, and more likely to support government-led policies [38] .
Stage of policy implementation has been suggested as another factor that may influence policy support [10] as the tobacco context suggests that policies, such as smoking bans in public areas and plain tobacco packaging, become more acceptable after they have been implemented [39] [40] [41] [42] . This could explain the variation in support for policies between countries, if they are at different stages of the policy cycle. There is some evidence of this in the current study, with support for a sugary drinks tax highest in Mexico, where such a tax has been in effect since 2014 [43] . The second highest level of support for this tax was amongst UK respondents, where such a tax was only months away from coming into effect at the time of the current survey [44] . Additionally, support for 'calorie amounts on menus of chain restaurants' was the only policy where US respondents did not report the lowest level of support between countries. Menu labelling has been a topical policy measure in the US for some time due to a prolonged period of independent implementation in various cities and states before introduction of a national policy in 2018 [45] . The US is also the only country in the study that has introduced a menu labelling policy at the national level.
It has been suggested that increased policy support following implementation may be related to the fact that many pre-implementation concerns held by the public do not eventuate, or that the public realises that the policy is having a positive impact once implemented [40] . It is also be possible that as policy development and implementation is conducted over an extended period, this may provide an opportunity to educate the public on the benefits of policy action and increase support through media advocacy [46] . However, there is a risk that food industry may alternatively use this period to promote 'personal responsibility' and 'freedom of choice' narratives in order to shift media framing and reduce public support for government intervention [47] . For example, the fat tax implemented in Denmark received significant negative media coverage directed at the policy shortfalls, and it is thought that such negative framing was a key driver of the eventual repeal of the policy [48] .
It is notable that not all results in the current study support the link between policy implementation and support. Although menu labelling has not been implemented in Mexico, support for this policy was highest among Mexican respondents. This suggests that, in this instance, the social or political country context may more strongly influence support, and highlights the complexity of the multiple factors that may contribute to the overall level of policy support. It should also be recognised that interactions between country and both age and sex were observed, meaning that the observed differences may not apply equally across groups based on age and sex.
Association between demographic characteristics and policy support
In relation to the influence of demographic characteristics on policy support, the current study found that while demographic characteristics may be associated with support for food policies, the patterns differed between countries. Previous studies similarly found demographic variables to be associated with policy support; however, the direction of these relationships varied across studies. For example, in a survey of French adults [15] , older respondents were more likely to support a sugary drink tax, while two surveys conducted in the US [21, 49] found younger respondents were more supportive of such a tax. To our knowledge, this is the first study to analyse the relationship between demographic characteristics and policy support across multiple countries and the finding that this relationship varies between countries may partly explain the conflicting findings of earlier studies. Various explanations have previously been proposed for the greater policy support observed among certain demographic sub-groups, such as the greater health consciousness among women [50] and greater trust in government intervention in older age [10] . Results of the current study could suggest that women may be more health conscious in some countries. However, as this is a new area of investigation, further studies are required to replicate and further understand the influence of demographic characteristics on policy support.
Strengths and limitations
The key strength of this study is the inclusion of multiple countries for the analysis of policy support. To date, this study is the most comprehensive multi-country investigation of food policy support, both in the diversity of countries and range of policies investigated. It is also the first study to compare the effects of demographic characteristics on policy support within different countries.
The findings should nevertheless be interpreted in light of the study's limitations. Non-probability-based sampling was used to recruit participants, which means that the sample cannot be considered to be nationally representative. The study sample differed from the general population, with a larger proportion of highly educated participants, and a lower proportion of overweight and obese individuals (according to self-reported BMI) compared to national estimates.
Additionally, although the cross-sectional study design is appropriate for determining the ways in which policy support and its determinants vary between countries, repeated surveys are required to assess how support changes over time, particularly in relation to policy implementation. Future waves of data collection in the IFPS will assist in addressing this limitation.
Conclusions
Similar to previous studies, results of this study indicate that support is greatest for less intrusive policies, and this is consistent across all countries studied. The level of support, however, differed between countries, and may be a result of social and political differences between countries, particularly country-level individualist or collectivist beliefs. There was also some evidence that stage of policy implementation may be associated with support for policies, with greater support as a policy is developed and implemented. A novel finding of this study was that while demographic characteristics may influence support for food policies, this relationship may vary between countries. Overall, this study identified that policy support is influenced by multiple factors related to the policy, the country and the individual. However, further research is required to understand the interaction between these factors, particularly between countries. Stakeholders invested in promoting and developing food policies should consider this complexity when assessing and developing policy options.
